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By m easuringtransversesinglespin asym m etriesonehasaccesstothetransversitydistribution




m easurem entsfrom identied hadronsand hadron pairs,produced in deep inelasticscattering
of a transversely polarized
6
LiD target are presented. The data were taken in 2003 and
2004 by theCO M PASS collaboration using them uon beam oftheCERN SPS at160 G eV/c,
resulting in sm allasym m etries.
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1 Introduction
M easurem ents1;2 showed,that the e ects oftransverse spin in high energy hadronic physics
are not naturally suppressed,as it was assum ed3. O n the contrary,transverse spin asym m e-
tries provide a way for a m easurem ent oftransversity 4 and the quark transverse m om entum
~kT dependentdistribution function q
T
0 (x;
~kT),thedistribution ofunpolarized quarksin a trans-
versely polarized nucleon5. Denoting the Bjoerken scaling variable by x,the spin structure of
the nucleon can bedescribed atleading orderby threeleading twistdistribution functions,the
unpolarized quark distribution q(x),the helicity distribution function  q(x),and thetransver-
sity  Tq(x).In the quark parton m odel(Q PM ) Tq(x)can beinterpreted asthe di erence of
distributionsofquarkspolarized paralleland antiparallelto the nucleon spin in a transversely
polarized nucleon. Thus  q(x) and  Tq(x) are identicalin a non-relativistic picture ofthe
nucleon. Butin the Q PM  q(x)can be thoughtofasdescribing the nucleon spin structure in
a fram ethatisboosted parallelto thenucleon spin,whereas Tq(x)in a fram ethatisboosted
in thetransversedirection.Sincerotationalsym m etry isbroken underboosts, Tq(x)provides
com plem entary inform ation to the proton spin puzzle. The three distribution functionsare of
equalim portance,however,in com parison to the rsttwo,knowledgeofthetransversity isquite
scarce,sinceitrem ainsinaccessiblein inclusiveDIS m easurem entsdueto itschiralodd nature.
However,sem iinclusive m easurem ents,whereatleastone hadron fragm enting via a chiralodd
fragm entation function in the  nalstate is detected,allow to probe transversity. Because the
product ofa distribution function and fragm entation function is again chiraleven,it can be
observed in transverse single spin asym m etries.The chiralodd fragm entation ofa transversely
polarized quark into a unpolarized hadron can bedescribed by the Collinsfragm entation func-
tion  0TD
h
q and thefragm entation into two unpolarized hadronsby thetwo hadron interference
fragm entation function H ^
1
. Denoting the unpolarized fragm entation function by D hq,the spin




q sinC ifonehadron ispro-
Figure1:Coordinatesystem sforazim uthalangles.Thex-zplaneisdened by theincom ing and scattered m uon.
Thez-axisby thevirtualphoton In theonehadron case(left)theinitialstateand nalstatepolarization vectors
are denoted sand s’.




11;12;13;14 iftwo hadrons are produced. C ,the Collins angle
and R aretheazim uthalanglesbetween thepolarization vectorofthefragm enting quark and
the m om entum ofthe produced hadron and the vector ~R,describing the two hadron system ,
respectively. The relevant coordinate system s are depicted in  g.1. ~R is the linear com bina-
tion ofthem om enta oftheproduced hadrons,weighted by therelativeenergy transferfrom the
scattered m uon,to achievea de nition ofazim uthalanglesthatisinvariantagainstboostsalong
the photon direction: ~R =
(z2~P1  z1~P2)
z1+ z2
.By m easuring the angulardependenceofthe produced
hadronson C and R ,respectively,itis possible to probe the transversity distribution. For
theCollinsasym m etry onerelieson them easurem entoftransversem om entum originating from





should rem ain afterintegrating outtransversem om enta.Ifoneleavesthe
collinear picture and allows transverse m om enta ofthe quarks,m ore distribution functions of
quarksexist.O neofthese,the so called Siversfunction qT0 (x;
~kT),describesthe distribution of
unpolarized quarksin a transversely polarized nucleon.Itisstrongly connected to the angular
m om entaofquarksin thenucleon,which m ightbeanothercontribution tothenucleon spin.The
Siversfunction can beprobed via theSiverse ect,wherethecorrelation ofthequark transverse
m om entum with the nucleon spin leads to the dependence ofthe SIDIS cross section on the
azim uthalangle between the nucleon polarization vector and the m om entum ofthe produced
hadron.Thisangle S iscalled Siversangle.Sincetheangulardependenceofthecrosssection
on S and C are orthogonalfunctions,Sivers and Collins e ects can be disentangled with a
transversely polarized target.
2 Experim entalresults
CO M PASS is a  xed target experim entwith a broad physics program atthe M 2 beam line at
CERN and isdescribed in detailin ref.6.Forabout20% ofthedatataken in theyears2002,2003
and 2004 a transversely polarized 6LiD targetisused,which hasa favourabledilution factorof
f ’ 0:4 and a polarization ofabout50% ..Thetargetconsisted oftwo cellswhich werepolarized
in opposite directions and polarization was reversed every 4-5 days to m inim ize system atic
e ects. A Ring Im aging Cherenkov (RICH-1) detector and two hadron calorim eters provide
particle identi cation capabilities. RICH-17 is a gas RICH with a 3m long C4F10 radiator.
It is characterized by large transverse dim ensions in order to cover the whole spectrom eter
acceptance ( 250  200m rad) and was operationalduring data taking in the years 2003 and
2004.Asym m etriesforunidenti ed hadronswerealreadypublished8.Fortheanalysispresented,
events with an incom ing beam track crossing both target cells, a scattered m uon track and
at least one outgoing hadron for Collins and Sivers asym m etry extraction or two outgoing
hadronswith opposite charge forthe two hadron correlation extraction,are selected. Positive
identi cation ofthe hadrons in the  naldata sam ple by RICH-1 was required. Clean hadron
and m uon selection wasachieved using the hadron calorim etersand considering the am ountof
traversed m aterial.ToselectDIS events,cutson Q 2 > 1(G eV=c)2 and W > 5G eV=c2 werem ade,
Q 2 being thephoton virtuality and W them assofthe nalhadronicstate.Additionalcutsare
applied to ensure that from the hadron sam ple the relevant physics signalcan be extracted.
Requiring therelative energy in them uon scattering processy to ful ll0:1 < y < 0:9 lim itsthe
errordueto radiativecorrections(highercut)butwarrantsthattheenergy lossofthescattered
beam particle is high enough to allow for reliable tracking (lower cut). For the one hadron
asym m etries a lower lim it of0.2 for the relative energy z ofthe hadron is dem anded. The
underlying reasoning isthatin the string fragm entation processhadronswith a higherenergy
are m ore sensitive to the properties ofthe struck quark spin. For the two hadron correlation
the cutisz1;z2 > 0:1 and in addition z1 + z2 < 0:9 to avoid the kinem atic region ofexclusive
 production. After allthe cuts,5:3 106 positive pions,4:6 106 negative pions and 9:5 105
positivekaonsand 6:2 105 negativekaonsrem ain forthesinglehadron analysis.Thetwohadron
correlation signalisextracted from 3:7 106 +     ,2:4 105 +   K   ,3:0 105 K +     and
8:6 104 K +   K   pairs. From these sam plesthe respective asym m etriesA j are extracted by
azim uthalcount rate asym m etries fortarget cells with di erentpolarizations. The countrate

















Here F isthem uon  ux,n the num beroftargetparticles, thespin averaged crosssection,aj






j DN N  Aj.W heref isthedilution and jP

T;k
jthepolarisation ofthetarget,D N N the
spin transferofthevirtualphoton tothefragm entingquark and A j theasym m etry
8.ForCollins




Siverse ectprobesunpolarized quarksDN N doesnotenterinto thecorresponding asym m etry.




















isbuild and  tted with p0 (1+ A
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j > iscalculated forkinem aticalbinning in z,the relative energy ofthe produced hadron,pt,
itstransversem om entum and x,theBjoerken scaling variablein theonehadron case,whereasit
isbuild forbin in z,M Inv and x in thetwo hadron case.z and M Inv denotetherelative energy
and invariantm assofthe two hadron system .The corrected asym m etriesare shown in  gures
2 and 3. Phenom enologicalwork on the Sivers e ect10 has shown that HERM ES results for
protonsand CO M PASS resultson deuteron m ay be described within the the sam e theoretical
fram e,atleastatthepresentlevelofaccuracy ofthedata.Theobtained asym m etriesaresm all
and agree wellwith m odelcalculations, that predict suppressed signals due to the isoscalar
target. A m odeloftransversity from the chiralquark soliton m odeland Collinsfragm entation
function extracted from a  tto HERM ES proton data9 showsthatthefavoured and unfavoured
Collins fragm entation function seem to be ofthe sam e m agnitude but ofopposite sign. The
predictionsobtained from thism odelagreewellwith them easured asym m etriesforunidenti ed
hadrons.Sim ilarly thepredictionsforthetwohadron asym m etriesdependingon theconvolution
oftransversity with H ^
1
are predicted to be sm all11. Due to an interference term in the two









































Figure 2:Collinsand Siversasym m etriesforpions
 ]2 [GeV/cInvM








































Figure 3: Two hadron asym m etries in invariant m ass binning. D ue to space constraints not allbinnings are
shown.
m ass,which cannotbeobserved in thecurrentCO M PASS data.M easurem entstaken sofaron a
deuteron targetallow constraintson m odelsforthed-quarkSiversand transversity distribution8.
They also pointto theabsenceofa gluon contribution to theorbitalangularm om entum ofthe
partonsin thenucleon.15
3 O utlook
CO M PASS continuesdata taking in 2007 with a transversely polarized proton target.In com bi-
nation with thedataalready m easured on deuteron  avourseparation fortransversity and Sivers
distribution function willbepossible.An additionalanalysisisplanned forleading hadron pair
asym m etrieswhere according to13;14 an enhancem entofthe signalm ightbeseen.
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